ABSTRACT: Integrating the voices of youth into city and neighborhood decision-making and scientific research is crucial for developing forward-thinking approaches for creating sustainable cities. In our pilot project, we partner with the high school group East High Cares, empowering them to lead community dialogue around issues of urban agriculture and energy-efficient homes. This paper will share our reasons for partnering with these youth, how working with them shapes our multi-disciplinary methods, and how we will integrate this work with the datadriven urban energy and microclimate simulation tools our research team is developing for sustainable city decision-making.
INTRODUCTION
Creating viable climate action plans for sustainable, resilient cities requires more inclusive and forward-thinking partnerships among university researchers, city officials, and residents (Cahuas, Wakefield, & Peng, 2015; Cowell, Bristow, & Munday, 2012; Drenovak-Ivanovic, 2015; Ivner et al., 2010; Sanoff, 2011; Slee, 2015) . With a priority to forge "comm-university" partnerships, we are using community engagement methods to connect community action and empowerment with data-driven computational models that support better decision-making for sustainable cities. Our 17-member research team at Iowa State University integrates community engagement with urban microclimate energy models and models for urban agriculture to bring together scientists, city officials, and residents with this primary objective: support energy conservation and climate-related programs and policy-making that are relevant to communities. Most crucially, we focus our research on engaging and empowering two of these most crucial "publics" for future sustainability: low-income residents and youth.
According to the C40 Cities Climate Leadership Group, providing basic needs to lowincome populations is one of city governments' greatest challenges (2015, p. 31) . These populations are the most vulnerable to the effects of climate change, the most overlooked in policy decision-making, and the most difficult to engage in data-collection about human behavior and interaction with the built environment. Developing relevant data-driven tools that engage these individuals is critical for resource-equitable cities (Blythe, Grabill, & Riley 2008; Connelly & Richardson, 2005; Maloff, 2000; O'Faircheallaigh, 2010) .
In our team's project, working with youth serves as the entry-point to working in the low-income East Bank neighborhoods of Des Moines, Iowa. Youth lead community dialogue about urban agriculture and (eventually) energy-efficient homes, beginning with a pilot project working with the leadership-and outreach-minded high school youth group "East High Cares" (EHC). By working with youth on visible community projects, we not only generate "community agency" for the youth but also enhance potential for local change by building multiple types of community relationships. As a result, youth involvement "contributes to both the development of the community and the social and psychological development of the youth involved" (Brennan, Barnett, & Baugh, 2007, n.p.) . This paper will share our strategic reasons for choosing youth (and specifically EHC), how work with this group shapes our multi-disciplinary methods, as well as our concept for integrating this engagement work with the development of data-driven urban energy and microclimate simulation tools needed for sustainable cities decision-making scenarios. Focusing our initial community engagement work on youth will help us build trust and gain fuller participation from residents of all ages in order to overcome many of the challenges and opportunities of working with resource-vulnerable populations. By focusing on action and community dynamics, we will provide better input for our team's innovative suite of computational models-a combination, we propose, that will ultimately support the development of policies and programs not just for sustainable cities but for more equitable, sustainable cities.
WHY YOUTH AND WHY EAST HIGH CARES?
In the tradition of community engagement that seeks to listen to and build on the needs and assets of communities, we chose to partner with high-school-age teens because all three neighborhoods in our pilot study have large youth populations and their neighborhood plans prioritize supporting youth. The East Bank neighborhoods of Capitol East, Capitol Park, and Martin Luther King Jr. Park in Des Moines, IA, were targeted by the city for revitalization. As a result, all three areas went through the city's Neighborhood Planning Process, working with city planners and the Community and Regional Planning Department at Iowa State University to set goals, priorities, and action steps (Iowa State University Planning Team, Capitol East Neighborhood Association, and City of Des Moines, 2014a; Iowa State University Planning Team, Capitol Park Neighborhood Association, and City of Des Moines, 2014b; Martin Luther King Jr. Park Neighborhood Association et al., 2014) . Because of common demographics and goals in the three neighborhoods, one of the outcomes of the planning process was the creation of the Viva East Bank! coalition, a collaborative organization tasked with moving the neighborhood plans forward (Viva East Bank!).
Significantly, the East Bank neighborhoods all have high populations of young people, ages 5-17, with percentages averaging 8% higher than Des Moines overall (Capitol East, p. 7; Capitol Park, p. 8; MLK Jr. Park, p. 7). As all three neighborhood plans address, neighborhood residents identified the youth population as a community strength that should be nurtured (Capitol East, Capitol Park, MLK Jr. Park, . In response to this consistent priority, Viva East Bank! initiated support through non-profit Community Housing Initiatives (CHI) to form a youth corps at East High School. This group, facilitated by CHI Resident and Community Services Director Malai Amfahr, named itself "East High Cares" to demonstrate its commitment to outreach and compassion-a dedication that extends also, as one EHC member put it, "to help East High students grow leadership roles in the community." Committed and caring, this group has the ideal values and interests to make a difference in their neighborhood as well as the maturity to assume leadership. Also, the partnership supports the community's already-established goal to create opportunities for youth engagement-a situation that both establishes credibility with adult community members and, as Cherry's work on youth and climate change has demonstrated, encourages adults themselves to participate in sustainable practices (Cherry, 2011 ).
Cherry's significant work, including co-founding such programs as "Young Voices for the Planet," seeks to create a "win-win" for everyone-demonstrate youth making a difference, motivate engagement in climate science, reach the next generation of sustainable leaders, and spur adults to take similar action (Cherry, 2011, p. 208 ; Young Voices for the Planet). Despite such work as Cherry's and that of other organizations like YouthScape, much work is still done for youth, rather than with youth (International Institute for Child Rights and Development, 2015) . Youth are rarely included in decision-making at either the city or neighborhood level: "Many youth's voices are absent from community-building processes, deepening the gaps of miscommunication and contributing to community exclusion" (Blanchet-Cohen & Salazar, 2009; pp. 5-6 ; see also Khanlou, 2008; Crowley, 2015) . Integrating the voices of youth into city and neighborhood decision-making as well as transdisciplinary scientific research is unusual but also crucial for developing forward-thinking planning and research related to sustainability. Our project includes attention to engaged research as yet another step in mentoring future leaders, citizens, and scientists for community-connected, sustainable cities even as we, as credentialed experts, benefit from the knowledge the youth and their community bring to our work.
WHAT WORKING WITH YOUTH IS TEACHING US
The perspectives EHC members have shared-in combination with our backgrounds as scholars in public interest design and the humanities-have motivated us to take a grounded theory approach to our engagement work as researchers. We actively engage with the group and community in order to base our conclusions about their priorities and ways of interacting on real conversations and activities that may not be heavily pre-structured. The dynamic nature of this type of research requires a flexible methodology in which we use different types of tools for data collection and analysis in different settings (Glaser & Strauss, 1967) . We are, for example, using pre-and post-engagement surveys to document the impact of our interactions with the youth group. We also use text analysis software to analyze and code transcripts of group conversations. In addition, we ask EHC members to draw images of concepts involving climate change as well as their visions for their community. At times, we spontaneously shift from a word-based method to a visual method in order to capture more comprehensively what the youth are thinking and feeling. Using a range of methods to collect a range of data types creates a methodology that provides an "ecologically valid" set of conclusions drawn from real-world situations (Brewer & Crano, 2014, p. 21) . These conclusions can then inform the components of the modeling portions of the project, such as the characteristics in agent-based models (ABMs). Our work also impacts the questions asked of the various project models, tying them to the concerns of real-world communities and cities.
We have also implemented this mixture of verbal and visual approaches because, while data collection methods such as surveys and interviews work well in many contexts, they prove to be not as effective when working with youth. As Keeffe and Andrews have recently noted: "Although adolescents tolerate surveys and interviews, their preference for active or embodied participation in research is more likely to draw rich data about their own life experiences and perspectives. … Students were not very interested in the survey method and found the survey 'boring'. They advised the researchers to find methods that involved: 'talking and not writing; activity; working with friends; problem-solving; and include some form of visual stimulation '" (2015, p. 366; 363) .
These priorities dovetail with what engaged design researchers Anderson (2014) and Bell (2010) have discussed-that many studies involving communities are conducted as topdown distributions of knowledge from university and professional experts to passive publics with emphasis placed on the research products rather than the process through which they are created. Engaged research considers researchers and communities as equal partners working through action and in collaboration "for the mutually beneficial exchange of knowledge and resources in a context of partnership and reciprocity" (NERCHE, 2015) . Our work with EHC confirms the importance of using a mix of methods that incorporate action, tangible outcomes, personal experiences, social connections, and visual components in order to understand underlying community values and to co-create change. To do this, our work not only with youth but also with the wider community includes these premises:
• Employ an engaged research process that places "talk"-related strategies (interviews, focus groups, meetings) within activities that lead directly to action with tangible, visible outcomes.
• Look for projects with a social component and social impact-projects that involve friends/family and make a clear difference in the community.
• Make it fun in order to maintain interest, build trust, and add levity.
Working with youth has reminded us of the value of humor, emotion, and joy-aspects that Harvey (2009) notes deserve more attention in public participation research. These elements, we contend, are even more important for marginalized populations who experience substantial life and work stress. Action-oriented, engaged science that is meaningful and fun can, we propose, not only increase participation and create better trust but also give often-needed laughter for residents who deal with higher levels of stress often because of resourceinstabilities.
The barriers to participation and interest for marginalized populations are many. These residents frequently work multiple jobs (often outside standard business hours); many are single parents; and a significant number do not speak a common native language (Iowa State University Planning Team, Capitol East Neighborhood Association, and City of Des Moines, 2014; p. 7). They do not have the time, energy, or sometimes even the means of transportation to attend a city-sponsored meeting, and, if they do, they may not feel comfortable sharing ideas, particularly if English is not their primary language or if the culture has not encouraged them to feel empowered. In other cases, some residents have shared their ideas on certain topics. Residents in marginalized populations often are asked to complete many surveys and thus get "surveyed out" and/or get frustrated when they provide feedback but then never see anything come of these solicitations.
Interactions that include fun, emotion, and personal connection not only encourage participation but also empower individuals to share and value their experiences and backgrounds. This type of interaction gives researchers access to valuable knowledge of place and local activities that would be impossible to obtain otherwise. "This practice of valuing and incorporating everyday knowledge thus creates a reciprocal relationship between community and [researchers] that is more productive than either party would be on its own" (Anderson, 2014, p. 18) . Understanding such relationships between local cultural knowledge and research as a tool for change is particularly important for design and the humanities disciplines that not only can analyze and translate local knowledge into useful data for computational models (for example, the social networks and values that most influence residents' decisions) but also nurture community empowerment through this process. The role of the humanities and public interest design has proved instrumental because, in our data collection thus far, the recurring priority in these neighborhoods is an interest in social connections more than in sustainability. Thus, sustainable action begins with attention to community.
With the EHC youth, we have begun to develop a system of action projects that focus on community through activities that are fun and have tangible benefits. These methods have a strong tradition in participation action research, grounded theory, and public interest design (Abelson et al., 2003; Anderson, 2014; Bradbury, 2015; Glucker et al., 2013; Kemmis, McTaggart, & Nixon, 2014; Moore & Elliott, 2016) . Action projects will create a bridge between the community engagement aspects of the larger project and its modeling and data science components. We will be able to gather information through these action projects that provide not only data about physical and behavioral conditions in the neighborhoods but also the values and social networks that support these conditions. Our work enfolds opportunities for data collection into activities useful and relevant for the participants and, significantly, into spaces that are useful for them.
Our community engagement efforts center on this principle: Do something very visible in the neighborhood-that youth lead, that produces concrete, positive results related to sustainability, and that can be scaffolded from smaller/ inexpensive activities to larger projects that require greater resources. We anticipate that the research process becomes as important in enhancing community participation in sustainability-related decision-making as the products of the data-science models. On Arnstein's "ladder of citizen participation," we place our approach on the level of partnership (Arnstein, 1969) .
THE ACTION PROJECT WITH EAST HIGH CARES
To this end, we needed to work on a project with EHC that addresses issues of sustainability to support more productive urban landscapes. We also wanted the youth to decide what project would serve their interests and values. To find a mutually beneficial project, we conducted a series of brainstorming sessions where we identified several possible projects and explored aspects of what climate change meant to them. To capture both tangible and intangible qualities and evoke complex sensibilities, we included methods of expression that involved painting, photography, drawing, and verbal/written descriptions. Because we built consensus at each stage, there was no contest when it came to deciding the action project: the group wanted to transform the under-used garden at nearby Hiatt Middle School (which many had attended) into a more productive, welcoming community space.
The EHC members had a personal and emotional connection to this garden-several of them had been involved with it at previous Hiatt Service Day projects, and, last summer, the EHC group had helped weed it. For this summer and through the partnership with ISU, they wanted to assume more of a leadership role, and they brainstormed possible activities for their summer work there-ideas that included creating an art installation using repurposed materials, creating an area with plants that would produce food and others that would support pollinators, and hosting a few "community days" that would involve neighborhood residents gathering and getting involved.
At the time of writing this essay, we are completing a mosaic-like art installation on one wall of the garden shed (see Fig. 1.) . Collaboratively, the group designed the image themselves, emphasizing racial unity within a space that brings together the built environment and the garden. In so many facets, it embodies what all of us want the garden to become-a welcoming, fun space that integrates food production, social encounter, community building, and education. As part of our work to empower the youth, we brought along a video camera for them to use to document their process, ideas, and goals for the project. They are, most crucially, engaged in telling the story of their work and their goals-an element of storytelling that we, as researchers, will be building on in future community work for the project. One EHC participant shared in the video that she really enjoyed "bringing people together to volunteer at the same time for the people and for the community. It makes it, like, a welcoming place for people to come in, instead of being a garden where nobody comes in." This focus on the social component of community has been crucial for the youth, and, in our brainstorming sessions with them, this emphasis on neighborhood unity and cohesion has often been a link that then moves into interest for food production. Beginning with the social component of community has been a crucial avenue for the youth in placing the action project of the garden within larger systems related to sustainability. For the EHC youth, the social is the entry-point into the areas that will, over time, connect with the transdisciplinary science of sustainable city-making.
THE ACTION PROJECT: NEXT STEPS
EHC's focus on community emphasizes to us, in turn, the idea of "Don't Stop Growing" that they devised for one of the signs in the garden. This idea will become a focal message that will thread through the next steps of the process-steps that will pave the way for additional and more widespread data collection in the neighborhood through community events at the garden. Later in the growing season, we will be partnering with EHC, Boys and Girls Club (the Bernie and Berniece Baker Club), and the Martin Luther King Jr. Neighborhood Association to facilitate and/or participate in community events at which we will collect data for the computational urban climate and energy models. For example, in the fall, our team has been invited to participate in the Martin Luther King Jr.'s event focused on energy/home related improvement. We will begin planning for this event soon-an ideal opportunity to work with residents regarding energy conservation strategies and needs as well as their relationship to climate change. In addition, we are helping to organize a community festival at the Hiatt garden with EHC and Boys and Girls Club where there will be produce from the garden, healthy-eating demonstrations, art, informal storytelling about food and urban gardening, our team's prototype online game about strategies to conserve energy at home, and a design table to create a mini playscape at the garden. Action projects such as the pilot project with the festival and the art installation to revitalize the underused Hiatt garden are the cornerstone to this engaged science project. They are venues where a community leads and experiences positive, tangible benefits and researchers can use data-collection mechanisms geared specifically to address issues of community and contextualized decision-making (community-based storytelling, experiential mapping, interviews, surveys, online games). Through an attention to personal experience/choices and social interaction, these venues help researchers identify climate change-related/built environment issues of importance to community members while also operating through what Stokes et al. term a "neighborhood acupuncture" strategy. Using a light touch and targeted action, this approach helps "'poke' the network into action, including one to bridge diverse storytelling networks. Each tactic ultimately seeks to build the capacity for collective action around neighborhood issues" (2015, p. 55) . This approach works especially well for our situation because, "Especially in marginalized neighborhoods, blunt designs can be counterproductive and even entrench complex problems" (2015, p. 55) . This concept is similar to the idea of "urban acupuncture" in which small, bottom-up interventions can effectively deal with issues of urban blight and inequity by creating ripple effects through a system burdened by lack of official movement and capital investment (Lerner, 2014; Sola Morales et al., 2008) .
ENGAGED SCIENCE: OUR CURRENT CONCEPT FOR INTEGRATING COMMUNITY PERSPECTIVES WITH THE TOOLS OF DATA-DRIVEN SCIENCE
Data collected through the action projects in these neighborhoods will, in turn, serve as input into an agent-based model. Agent-based modeling (ABM) is a computer simulation technique that replicates the behavior of autonomous individuals (agents) and their interactions with their environment and other agents (Axtell et al., 2002) . Over time, these individual-level interactions often yield unexpected and complex emergent system-wide properties that would not be readily apparent using traditional mathematical modeling paradigms. An ABM can be used as a decision-support tool to test a variety of scenarios of interest for a social system, including different policy interventions. For example, used data from semistructured interviews to develop an empirically-informed ABM of a Des Moines food hub's operations, which was used to investigate the impacts of various supply chain management strategies on the long-term success of the food hub and its participants. Widener et al. (2013) used census data to develop an ABM to assess the potential of different policies intended to increase urban residents' access to healthy food. Carlson et al. (2010) incorporated stakeholder opinions into their ABM, which evaluated different approaches to implementing decentralized urban storm water management through low-impact development.
We will use the empirical data derived from the neighborhood action projects to inform the development of the agents in an ABM, as well as the rules that govern their decisions, behaviors, and interactions. Each agent will represent a member of the community, and the data will be used to define the agents' demographic attributes, preferences, beliefs, and values. The structure of the agents' social network, through which they share information, knowledge, and opinions with one another, will also be based on the collected data. ABMs have been particularly useful for understanding and managing multi-disciplinary systems with many interacting elements (Axelrod, 1997; Bonabeau, 2002) . This data-bridge between ABMs and community voices will contribute to the emerging, but still under-explored, use of "big data" tools to articulate the needs of marginalized populations and support implementation of effective programs and policies.
In turn, our research team is integrating the ABM with an urban energy model to determine human-microclimate interaction on a neighborhood scale in order to improve the human behavior input for the energy model. The urban energy model uses Rhino Urban Modeling Interface umi (Rose et al., 2015) . The new umi / ABM interface will connect the goals and constraints that drive occupant behavior with the physical processes of built environment systems. These computational models simulate urban building energy performance and other sustainability indicators. Our larger team is currently further developing the model capabilities to explore and predict interactions between community members and their environment and to predict their impact . As a sample case, a street block in the neighborhood was chosen, which includes 29 individual buildings between cross roads facing the central street, to simulate human behavior related to weatherization decisions. The combination of actual community data and these integrated models will allow city officials and community residents to work together to devise the programs and policies most effective for these residents-a connected process that will arise because the integrated models will be shared with residents and officials, creating feedback loops that refine the models as they are being developed. This iterative process will not only involve civic stakeholders as active partners in the research but also address ethical issues regarding data privacy and legal challenges related to data ownership.
CONCLUSION
Our work seeks to harness the power of community voices integrated with data-driven, computational tools in ways that can bring civic and scientist stakeholders into greater partnership, as we strive to move swiftly to create more resilient, sustainable cities-and empower the individuals who will lead them.
